This study presents a novel method to assess context-specific physical activity patterns using accelerometer and GPS. The method efficiency is investigated by providing descriptive results on the use of domains and subdomains, and assessing how much of children's and adolescents' daily activity time can be classified by these domains and subdomains. Four domains and 11 subdomains were defined as important contexts for child and adolescent behaviour. During weekdays (n ¼ 367) and weekend days (n ¼178) the majority of children and adolescents spent time in active transport, urban green space, clubs and sports facilities. Satisfactory method efficiency was found during weekdays. Natural experiments combined with objective assessment of context-specific behaviours hold the potential to create evidence on the effects of changes to the built environment on behaviour.
Introduction
Physical activity (PA) is recognised internationally as an important component of a healthy lifestyle-contributing to better physical, mental and social well-being Biddle and Asare, 2011; Floriani and Kennedy, 2008; Landry and Driscoll, 2012) . However, 80% of adolescents worldwide do not comply with international public health guidelines on PA -60 min dailyand the number of children who do not have an acceptable level of physical fitness is increasing (Pedersen and Andersen, 2011) . Acceptable level of physical fitness was defined as maximal oxygen uptake lower than 34 ml of oxygen per kilogram of body mass per minute for girls and 38 ml of oxygen per kilogram of body mass per minute for boys. The built environment can influence children and adolescents' PA (Bauman et al., 2012) . Improvements of the built environment, e.g. providing new activity space or improving the safety and attractiveness of existing facilities, may have the potential to promote PA and change movement patterns and have been identified as important components in obesity prevention among these groups by national and international health promotion advocates, experts and research groups. To date, studies on the built environment and PA have been characterized by inconsistent associations (Davison and Lawson, 2006; de et al., 2011; Ding et al., 2011) .
Inconsistencies in correlation or longitudinal studies may be due to measuring only overall daily PA or PA in only one domain or subdomain instead of measuring the context-specifıc PA patterns. Context-specifıc PA patterns can be defined as daily PA assessed in total and in different domains and subdomains throughout the day, with context referring to the domain or subdomain in which behaviour occurs. Without context-specific objective measures, it is unclear how and where PA behaviour takes place. How does PA in one domain or subdomain relate to PA behaviour in other domains/subdomains? (Gomersall et al., 2013; Rowland, 1998) . What are the relations between domains such as school, leisure, home or transport? (Fremeaux et al., 2011) . Further, can PA be specified into one or more subdomains (e.g. urban green space, sports facilities, recess)? There is some documentation that an association between the built environment and PA is contextspecific (Ferreira et al., 2007; Sallis et al., 2000) . No widely accepted methodology to objectively assess context-specific behaviour patterns has been developed to date.
Another limitation in research into the built environment and behaviour has been the use of self-reported measurements, or parent-reported measures in the case of younger children. Selfreported measurement of exposure to intervention or self-reported assessment of context-specific behaviours, such as PA, introduces the potential for systematic biases, such as recall and social desirability bias (Evenson et al., 2008) , or an underestimation of certain daily life activities (Sherar et al., 2011) , such as picking up groceries or taking the garbage out. Global Positioning System (GPS) units assessing locations and accelerometer measurements assessing PA can be combined to improve upon self-reports.
In 2009, an opportunity arose to conduct a natural experiment in Copenhagen, Denmark. Planned major urban renewal made it possible to design a study with the aim to evaluate the effect of changes to the built environment on local children and adolescents' movement patterns using combined GPS and accelerometer data by assessing the context-specific time and PA patterns. Children aged 11-16 years old were chosen as the target group for this study as the level of PA often declines from childhood to adolescence (Riddoch et al., 2004) . In addition, the content of urban renewal projects combined with changes in the local neighbourhood is hypothesised to be particularly important for PA in this age group due to limited roaming distances (Jones et al., 2009) . This paper aims to present a methodology that enables the assessment of objective context-specific patterns by the use of GPS and accelerometers as this methodology has the potential to assess the effects of changes to the built environment on physical activity behaviour. The methodology is based on socio-ecological health behaviour models and in particular Sallis' et al. (2006) ecological model of PA with four active living domains and determinants related to active living. For children and adolescents this theoretical approach corresponds to the following active living domains: leisure, school, transport and home. These domains are rather broad, and it is necessary to further include a range of subdomains, in order to be able to more precisely assess context-specific behaviour patterns. Subdomains can be locations, facilities or organizational constructs within domains. Recess and Physical Education (PE) are examples of organizational opportunities found to be related to PA during school hours (Guinhouya et al., 2009) . Locations such as playgrounds (Quigg et al., 2010; Reed and Hooker, 2012) and urban green space (Lachowycz et al., 2012; Wheeler et al., 2010) or facilities such as sports facilities (Niclasen et al., 2012) , school grounds (Dencker et al., 2012) , clubs (after school programs in Denmark) (Beets et al., 2009) , and shopping centres (Oreskovic et al., 2012) are all potential subdomains for PA during leisure time as they seem to be positively correlated with PA. Within the transport domain active and passive transport are two distinct PA behaviours (Heath et al., 2012) . As such the methodology presented in this paper proposes that to fully understand context-specific patterns, behaviour has to be assessed within these domains and subdomains.
The specific aims of this paper are to first describe a novel method to assess context-specific physical activity patterns developed and used on the WCMC study and second to investigate the method efficiency by providing descriptive results on the use of domains and subdomains, and assessing how much of the total time can be assigned to these predefined contexts using the new methodology. Only baseline results from the WCMC study pertaining to the use of and time spent in domains and subdomains are presented in this paper. The context-specific moderate to vigorous PA (MVPA) patterns, outdoor time and outdoor MVPA patterns have been reported elsewhere as have parts of the methodology (Klinker et al., 2014a (Klinker et al., , 2014b .
Material and methods

Setting
In 2009, the local government of Copenhagen planned a range of major changes to the built environment in and around the Haraldsgade district in Copenhagen, the capital of Denmark. The WCMC study was conceived to evaluate the effects of these changes on the local children and adolescents' context-specific behaviour patterns. The Haraldsgade district was built in 1860-1920 and was previously one of Copenhagen's first large industrial areas. Commercial and industrial land uses as well as large public housing estates now characterized the neighbourhood. Public open spaces were scarce. There were few sports facilities and almost no public green spaces. Approximately 9300 people resided in the Haraldsgade district, 45% lived in public housing estates compared with 19% in the Copenhagen municipality, and one out of three were immigrant or descendant of immigrants compared with 19% in Copenhagen municipality and 10% in Denmark (Copenhagen Municipality, 2007; Danmarks Statistik, 2013) . Approximately 1800 children lived in the area of which 200 were immigrants and 1100 descendants of immigrants (Copenhagen Municipality, 2007) .
Participant recruitment
Eligible participants were children and adolescents in grade 5-8 attending four public schools located in or just outside the Haraldsgade district. The details of the participant recruitment have been reported elsewhere (Klinker et al., 2014a) . The Danish Ethical Regional Committee reviewed the study protocol and concluded that formal ethics approval was not required. The study is registered and approved by the Danish Data Protection Agency (reference number: 2009-41-3943).
Data collection
Baseline data were obtained in April-June 2010 (three schools) and September 2011 (one school). On day 1 of baseline data collection, researchers fitted the participants with the equipment and they were provided with verbal and written instructions on belt wear and removal, a GPS charger, and information on how to charge the GPS every night. The participants also received a short standardized daily diary. Finally, the students' or the students parents' mobile phone numbers were recorded in order for them to receive text message reminders thus improving compliance and data quality. After seven days of data collection, the equipment was collected. During the data collection period, the students completed an internet-based questionnaire during school hours. To stimulate a high participation and return of the equipment, classes were offered a minor incentive for compliance.
Measurements
Physical activity and locations
Objective PA was assessed using the tri-axial Actigraph GT3X Activity Monitor during seven consecutive days. The accelerometer uses a piezoelectric acceleration sensor to convert signals to counts and sum them over a user-specified time sampling interval, called an epoch. Activity counts are recorded to the internal memory of the accelerometer and can later be downloaded and processed on a computer (Chen and Basset, 2005) . The accelerometer has the ability to yield measures of amount, frequency, intensity and duration of children's physical activity (Sherar et al., 2011) . The data were recorded at 2 s epochs and only data from the vertical axis were used in this study. Data from the returned monitors were downloaded using the ActiLife 4.4.1 software and screened for file size to detect potential equipment or download problems. QStarz BT-Q1000X GPS units were used to record the locations of the participants. The GPS units were set-up using the open source BT747 software (www.bt747.org). Units were configured to record date, time, longitude, latitude, height, speed, distance, and the number of satellites in view and used every 15 s. The units were set to stop logging when the memory was full. After data collection, the data were downloaded using bt747 software and screened for file size to detect potential equipment or download problems. All students were instructed to wear both monitors on a belt on their hip, opposite sites, during waking hours and to take it off only for showering, bathing, or doing water sports. They were instructed to not turn the GPS off during data collection.
Socio demographic and employment characteristics
Information on student immigrant status and parental employment status were obtained from Statistics Denmark using a unique personal registration number assigned to all in Denmark (Pedersen, 2011) . Parental employment status was dichotomized as both parents working versus one or both parents being unemployed. Participants were dichotomized as Danish versus immigrant (not born in Denmark) or descendent of immigrants (born in Denmark but parents not born in Denmark).
Diary and class timetables
During data collection, students were asked to fill out a short diary every evening. The diary contained questions about school (non-)attendance and if it had been a regular school day (if not, why?). Participants were also asked about their non-wear of the equipment. The schools provided detailed class timetables for the specific data collection period including information on start and end of school days, recess and physical education (PE).
Questionnaire
All students were instructed to fill out a questionnaire individually on a computer during school. The questionnaire contained questions on health related behaviour, self-reported health status including weight and height, perceived neighbourhood characteristics (physical environment, safety, etc.) and possibilities for being physically active in the neighbourhood and school setting. BMI was later calculated using self-reported height and weight using Cole et al. (2000) and included as a continuous variable. Grade was dichotomized into grade 5 and 6 (approximately 11-13 years) versus grade 7 and 8 (approximately 13-16 years) to approximate "children" and "adolescents".
2.5. Data processing 2.5.1. The personal activity and location measurement system (PALMS)
The personal activity and location measurement system (PALMS) (Anon, 2013), developed by the Centre for Wireless and Population Health Systems, University of California, San Diego, is a web-based application system capable of processing and combining activity data (accelerometers) and location data (GPS). All accelerometer files were aggregated to 15-s epochs (or data/time points) using PALMS to match the GPS data points using Evenson cutpoints, which have been recommended to estimate PA intensities among children (Evenson et al., 2008; Trost et al., 2011) . Continuous periods of 60 min of zero values were classified as accelerometer non-wear time, and were removed from the data (Adams et al., 2013; Colley et al., 2011; Sherar et al., 2011) .
All GPS files were processed using PALMS with user defined settings. PALMS identified invalid data points using extreme speed (4 130 km/h) or extreme changes in distance ( 41000 m) and elevation ( 4100 m) between two data points, and replaced invalid points by imputing data from the last known valid point, for up to 10 min. Using algorithms that utilize the signal-to-noiseratio (SNR) PALMS categorized data points as occurring indoors or outdoors. PALMS marked locations as outdoor when the total SNR of all satellites in view exceeded a threshold of 250 (Tandon et al., 2013) . Furthermore, PALMS identified and categorized trips (defined as a continuous period of movement of at least 3 min, allowing for stationary periods of maximum 5 min) into three modes: walking ( 4 ¼1 km/h, o10 km/h), biking ( 4 ¼10 km/h, o25 km/h) and in a vehicle (4 ¼25 km/h) (Kerr et al., 2012a) .
Processed GPS data were then matched to the accelerometer data based on the timestamps of each GPS point, forming a PALMS dataset of combined accelerometer and GPS data. If no GPS signal was available, the accelerometer epochs were retained to calculate a full daily time pattern and daily PA variables. The PALMS dataset consisted of all collected data in 15 s epochs containing information on: date, time, location (GPS coordinates: latitude and longitude), PA intensity, outdoor activity (is epoch taking place outdoor: yes, no), and trip mode (epoch part of a trip: yes, no; if yes: walk, bicycle, or vehicle epoch). As no available data management systems were able to handle the data load for even more simple procedures, and in particular not specific requirements wanted in this study, a purpose-built PostgreSQL database was developed with the aim of developing context-specific measures by means of allocating data to domains and subdomains.
Aggregation of data into domains and subdomains
A PostgreSQL database capable of combining the PALMS dataset with information from participant diaries, class timetables and location data from a Geographical Information Systems (GIS, ArcGIS 10.1) was developed to compute variables for domains and subdomains to allow for a context-specific behaviour assessment. Fig. 1 displays the dataflow and methodology applied. The database was set up to assign each epoch into domains and/or subdomains based on a decision tree. After all epochs had been assigned the database aggregated all epochs into individual daily measures. Below is a description of the decision rules applied:
1. All epochs occurring during scheduled school hours during weekdays were assigned to and aggregated as the school domain based on class timetables and individual deviations to these tables based on the daily diaries. Based on the same method, the subdomains recess (an aggregate of all scheduled recesses during a school day) and PE were identified within the school domain. 2. All epochs during all days falling within the participant home were then assigned to and aggregated as the home domain. All students' primary addresses were geocoded and each home was manually digitalized in GIS. A house was defined in GIS as the parcel (the house and garden), while an apartment was defined as the building and adjacent outdoor area. This adjacent outdoor area was also manually digitalized in GIS. 3. The Municipality of Copenhagen provided addresses of public schools, clubs, sports facilities and playgrounds, enabling a manual digitization of school grounds, clubs, sports facilities and playgrounds in GIS. All urban green spaces were available as a GIS layer from the Danish Geodata Agency. Major indoor shopping centers were identified online, and manually digitalized in GIS. The database afterwards assigned epochs falling within these places or facilities to form leisure subdomains. 4. All epochs classified by PALMS as part of a trip were next assigned and aggregated into the transport domain. These trips were later dichotomized into the subdomains active (walking, biking) and passive (vehicle) transport. 5. The epochs still not assigned to these predefined domains or subdomains through steps 1-4 were assigned and aggregated into the subdomain other places. This subdomain was made up of two kinds of epochs: (a) combined accelerometer and GPS epochs not assigned during any of the above described steps or (b) accelerometer epochs without location (GPS) data. These latter epochs can for instance occur if the GPS loses signal inside a building or if the GPS runs out of battery. 6. The subdomains school grounds, clubs, sports facilities, playgrounds, urban green space, shopping centers and other places were later aggregated to constitute the leisure domain.
The study area manually digitized in GIS was defined as all GPS epochs falling within a 10 by 10 km 2 square with its center in the Haraldsgade district. Very few GPS points were falling outside this area and these GPS points did not seem to be part of habitual behavior. A 10 m Euclidian buffer was applied to all GIS derived measures to account for GPS signal and location errors, which should capture almost 80% of GPS points correctly . In this way all epochs for all participants were assigned to four domains and 11 subdomains as contexts in which time and activities occurred. The database was then used to aggregate total and context-specific daily variables on the number of users (n), time spent (minutes) and PA intensities (minutes) for all participants. This aggregated dataset now had a manageable size and was imported into a statistical software package for further analyses. The outcome measures used in this study are the number (and %) of participants who were present in domains or subdomains during data collection and the median daily time spent across all valid participants in domains and subdomains by week-and weekend days, in total and by age and gender.
Analyses
Stata 12 SE was used to identify valid participants defined by having at least one valid week-or weekend day of at least 9 h accelerometer and GPS wear time. All valid participants with one or more days of zero time spent at home were further investigated to determine if they resided in a secondary home during data collection. If these participants had indicated in the questionnaire that their parents did not live together, and that they during data collection resided in the secondary parents' home, participant data were removed. This was done as it was not possible to geocode the secondary parents' address. As the participants were fitted with the equipment during different times on day 1 of data collection, day 1 was removed to allow for a full day pattern analyses. All valid days were retained and aggregated to individual daily weekand weekend means. Weekdays and weekends were analysed separately to retain most participants and as the domains are not comparable e.g. students do not attend school during weekend days. Descriptive statistics were calculated using frequency distributions (number (n) and proportion (%)), mean and standard deviation (SD), or median and interquartile ranges (IQR) for nonnormally distributed variables. Univariate analyses were performed using χ 2 -test, t-test or Wilcoxon rank-sum to test differences in baseline characteristics between children with complete and incomplete data. Protocol compliance among valid participants was expressed as wear times for accelerometer and GPS', number of valid week-and weekend days and number of returned diaries. Method efficiency was assessed by looking at daily accelerometer wear time without GPS data and daily GPS time not assigned to predefined domains and subdomains.
Results
Participants, protocol compliance and methods efficiency
A total of 623 children were invited to participate in the WCMC study at baseline. Of these, 45 parents and 55 students refused to participate, leaving a total sample of 523 participants (83.9%). A total of 367 (70.2%) of the participants had at least one valid weekday of 9 h accelerometer and GPS data, and 178 (34.0%) had at least one valid weekend day of 9 h combined data. Fig. 2 displays the baseline participants for the WCMC study. There were no differences in age, gender, BMI, parental employment status and immigrant status between participants who fulfilled the inclusion criteria during weekdays (n¼ 367) and those who were excluded (all p 40.1). During weekends no differences were found for those included (n¼ 178) compared to those who were excluded by gender, BMI and employment status but a greater dropout was observed for Danish participants (p ¼0.023) and for adolescents (p ¼0.042). Across week-and weekend days differences in the drop-out across schools was observed (p o ¼ 0.001).
During weekdays (n ¼367) the median hours of accelerometer wear time was 14.1 (IQR 13.2-14.8) and mean valid days were 2.5 (range 1-4) ( Table 1) . During weekend days (n ¼178) the median hours of accelerometer wear time was 12.5 (IQR 11.5-13.6) and mean valid days were 1.4 (range 1-3). To assess method efficiency it was investigated how much time was not assigned using the developed methodology. During weekdays 11.5% of the GPS points were not assigned to the predefined domains and subdomains (Table 1) . During weekend days 26.9% of the GPS epochs were not assigned. A small percent of the participant accelerometer data did not contain GPS epochs and was also not assigned using the methodology-7.7% during weekdays and 6.9% during weekend days. Table 2 provides results on the number of students who were present in domains and subdomains during data collection, by weekdays and weekend days, gender and age. During weekdays (n ¼367), all participants were present in school and recess and almost all participants were at school grounds outside scheduled school hours (98.0%), in active transport (99.1%) or in urban green space (95.9%). A less proportion of participants were at clubs (65.1%), in passive transport (67.0%) or at sports facilities (68.4%). A bit less than half of the participants were at playgrounds during weekdays (46.0%). A bit more than one quarter (27.2%) were in a shopping center during weekdays.
Presence at domains and subdomains
During weekends (n ¼ 178), almost all participants were in active transport (93.3%) ( Table 2) . A high proportion of participants were also in urban green space (86.0%). A total of 75.3% of the participants were in passive transport during weekends while less than half were at clubs (42.1%) or sports facilities (42.7%). A bit more than one third (35.4%) of the participants were at school grounds, 27% were at playgrounds and 24.2% were at shopping centers during weekends.
A higher proportion of boys compared to girls were in clubs and sports facilities during week and weekend days while a higher proportion of girls compared to boys were in urban green space and engaged in passive transport during weekends. A higher proportion of adolescents compared to children were at shopping centers and engaged in passive transport during weekend-and weekend days. A higher proportion of adolescents compared to children were at sports facilities during week days while the opposite was true for weekends. A higher proportion of children were at playgrounds during weekdays with no differences observed between children and adolescents during weekend days. 
Daily time in domains and subdomains
Tables 3 and 4 provide results on the median time accumulated by all valid participants in domains and subdomains during data collection, by weekdays and weekend days, gender and age. Table 3 shows the context-specific time pattern during weekdays (n¼367). The majority of the participants' time during weekdays was spent in the school domain (302.3 min), followed by leisure (247.1 min), home (206.6 min) and the transport domain (47.2 min). Among the seven investigated leisure subdomains, the majority of time was spent in other places (166.8 min), followed by school grounds (20.6 min) and urban green space (7.4 min). Time spent in other places may for instance be time spend visiting friends or family. For clubs, sports facilities playgrounds and shopping centers the median daily time spent in these places was less than 1 min, however, with some participants accumulating much time in these places, e.g. the upper range for clubs was 243.9 min, for sports facilities it was 166.3 and for playgrounds it was 352.8 min.
The majority of the participants' time during weekend days (n¼178) was spent in the leisure domain (337.3 min), followed by home (308.6 min) and the transport domain (63.8 min) ( Table 4 ).
The vast majority of time in the leisure domain was spent in other places (279.4 min) with urban green space (4.1 min) being the only other subdomain with a median value above 0 min. Again, the upper range for these subdomains indicates that some participants accumulated quite a lot of time in these places, e.g., some participants accumulated a daily median of 210.8 min at school grounds, 292.3 at sports facilities while the maximum time spent daily in playgrounds was 135.9 min.
Boys compared to girls spent more time in leisure while girls spent more time at home. Children compared to adolescents spent more time in leisure while adolescents spent more time in active transport. A similar gender and age pattern was found across week and weekend days.
Discussion
This paper presented the methodology to assess context-specific behaviours, which was developed by the study team for the WCMC study, a natural-experiment-based study aimed at assessing the impacts of changes in built environment on children's and adolescents' Table 2 Percentage and number of students who were present at any time during data collection in domains and subdomains, by weekdays and weekend days, in total, and by gender and age.
Week days
Weekend days Table 3 Daily median time in minutes and range during weekdays, for total wear time, and by domains and subdomains, stratified by gender and age. PA behaviours. It also presented the assessment of the efficiency of the methodology in assigning epochs to four domains and 11 subdomains. Finally, some of the baseline participant characteristics have been presented.
Weekdays
The number of natural experiments that aim to evaluate changes to the built environment on PA behaviours among children is increasing but they are still scarce (Bohn-Goldbaum et al., 2013; Quigg et al., 2012; Smith et al., 2012) . The innovation in the WCMC study is the possibility to objectively evaluate total daily context-specific behaviour as it is otherwise not possible to rule out substitution as expressed in the Activitystat hypothesis (Gomersall et al., 2013) . The WCMC study includes objective measures of both PA and locations for local children and adolescents residing in an area undergoing major changes to the built environment. By using a method that allows for the assessment of context-specific behaviours, as demonstrated in this study, the WCMC study has the potential to assess the effects of changes to the built environment on behaviour (Ding et al., 2011; Ferreira et al., 2007; Sallis et al., 2000) but can also be used as a preintervention tool to help planners place facilities to reach an intended target group. More than 80% (n ¼523) of the 623 invited students agreed to participate in this study. The protocol compliance (wearing the equipment from getting up to going to bed) was reasonable for weekdays (74%, n ¼367) and moderate for weekend days (36%, n ¼178). However, with only small differences found between the included and excluded participant on important background characteristics. The included participants had a daily median of more than 11 h of accelerometer and GPS time and this allowed for full day pattern analyses.
This paper presented a method to objectively assess contextspecific behaviour patterns. Based on theory and literature on domains and places for child and adolescent PA, we identified four domains and 11 subdomains as potential contexts. The database combines accelerometer and GPS data with GIS and other types of data (e.g. information from participant diaries and class time tables) to assess the context-specific behaviour patterns by weekand weekend days in the WCMC study population. We found good method efficiency during weekdays with only 11.5% of the GPS points not being assigned to the predefined domains and subdomains. During weekend days the methodology had modest efficiency, with 26.9% of the GPS epochs not assigned to the predefined contexts. A random selection of the GPS points not assigned revealed that these epochs predominantly consisted of time spent in houses or apartments (other than own home), or hanging out on the streets. It seems intuitively reasonable to assume that more time is spent visiting friends or family during weekends compared to weekdays and this may explain the larger amount of non-assigned GPS points during weekends. Dividing the subdomain other places (consisting of non-assigned GPS points and accelerometer epochs without location data) into indoorsnot at home and outdoorin streets may be a way to reduce the number of non-assigned epochs. A small percent of the participant accelerometer data did not have matching GPS data and was not assigned using the methodology; 7.7% during weekdays and 6.9% during weekend days. Participants were carrying both accelerometer and GPS on the same belt, and it is reasonable to assume that the difference between accelerometer and GPS data was likely caused by technical problems with the GPS outside of the participant's influence (e.g. faulty instruments or loss of signal), or due to participants forgetting to recharge the device overnight. The continuing development of GPS trackers leads to improvements both in terms of battery life and data storage capacity, possibly leading to an even smaller difference in future studies. The difference between accelerometer and GPS wear time would potentially be higher had we chosen only to use location data to assign epochs to the assessed domains and subdomains as done in a recent study by Dessing et al. (2013) . Instead we chose to assign all epochs occurring during scheduled school hours to the school domain based on class timetables and student diaries. Only behavior occurring at school grounds outside scheduled school hours was assigned to the leisure subdomain school grounds. This allows for a distinction between behavior during scheduled school hours and leisure time behavior on school grounds which is important as different correlates potentially apply to behavior in these contexts, e.g. recess activities may be initiated by teachers while activities outside school hours are initiated by children or adolescents themselves. Also, in Denmark school grounds are open for public access outside school hours and are considered an important context for leisure time behavior. We found that during weekdays the median time spent at school grounds after scheduled school hours was 20.6 min (range 0-245.5) with 98.6% of participants using school grounds. In weekends the median time was zero minutes (range 0-210.8) with 35.4% of the participants using school grounds. These results suggest that for the majority of the participants' school grounds are an important context to spend time in during weekdays but less so in weekends. Across gender and age it appears that some participants do spend considerable time at school grounds in weekends as indicated by the maximum range. Future analyses are warranted to investigate if this is a specific subgroup behavior of if specific characteristics are present for the used school grounds, e.g. the used school grounds have many facilities or are located close to the users' home. Future context-specific analyses may also investigate correlates or predictors of behaviors more in depth, in particular how the built environment and the perception of the environment more directly is associated with context-specific behaviors. The number of participants present in different contexts during the WCMC baseline data collection differed considerably by day of week. During weekdays 46.0% of the participants were at playgrounds while almost all participants were in urban green space (95.9%). A similar pattern was found for weekends but with lower percentages; 27% were at playgrounds and 86% were in urban green space. The difference between week and weekend days can be either due to a difference in behaviour, e.g. some participants may never visit playgrounds during weekends, or due to fewer days of weekend day data being included in the analysis, e.g. a mean of 2.5 valid weekdays were included while only a mean of 1.4 valid weekend days were included. These findings may indicate that if the aim is to assess one specific behaviour that does not occur frequently, e.g. the use of playgrounds, longer data collection periods may be needed to gather enough information of the specific behaviour. The employed data collection period seems sufficient to assess behaviour in urban green space as 86-96% of the participants spent time in this context with median wear times ranging from 5 to 7 min. Future studies seeking to assess behaviour in only one context should consider to employ a longer data collection period, perhaps including five full days of weekday monitoring (as opposed to four in this study) and four days of weekend monitoring (as opposed to predominantly two in this study). However, this increases both the researcher and participant burden.
Similar to another study using combined accelerometer and GPS data (Maddison et al., 2010) , but using a specific context approach as opposed to a buffer based approach as in the Maddison study, it was found that children and adolescent spent the majority of time during weekdays in the school domain. As such, the great emphasis on school interventions to promote PA is legitimized. Recess can be considered as a window of opportunity to increase PA (Ridgers et al., 2010) as recess time is, at least in this study in a Danish context, almost 1 h daily. Another important finding is the extensive use of school grounds outside scheduled school hours during week and weekend days, highlighting the potential and need for open and unrestricted access to school grounds during leisure time.
Although the combination of accelerometer and GPS data is considered optimal in studies aiming to evaluate how the built environment impact PA (Krenn et al., 2011) , there are no standards to ensure consistency in the data collection procedures, data processing, analyses or reporting of these data. More cooperation and sharing of protocols on collecting, processing and analysing accelerometer and GPS data would increase comparability. The Global Positioning Systems Health Research Network (www. GPS-HRN.org), data processing systems such as the PALMS-project (2013), and the inclusion of GPS in the planned IPEN Adolescent 19 country collaborative study (www.IPENproject.org) are all important steps towards a greater conformity in this research field, as is the detailed reporting of the WCMC study and methodology in this paper.
Using a combination of accelerometers and GPS to develop context-specific measures has a large potential to lead to new knowledge on physical activity behaviours, inform the development of new interventions, and perhaps later lead to new policies or recommendations for specific subgroups. To be able to measure specific effects of built environment change on physical activity behavior, information on site specific behaviors are needed. To date, a methodology to assess context-specific behavior in a very detailed manner has been lacking, but this study show that it is possible to develop a method that can handle accelerometer and GPS data and provide information on context-specific behaviors.
Future studies will use this method in the context of evaluating the effect of changes to the built environment on behavior.
Strengths and limitations
The WCMC study was designed as a natural experiment to take advantage of large scale changes to the built environment that would not be possible in a more controlled design. We used combined accelerometer and GPS data to be able to assess objective PA and locations of children and adolescent. We developed a methodology based on predefined domains and subdomains to assess contextspecific patterns in 15 different contexts. This level of fine contextualization of objectively measured PA activities is one of the first attempts seen in this research field. By presenting baseline results on method efficiency, the numbers of users and time spent in these contexts we have demonstrated the utility of this methodology. Digitizing participant's second homes (for children with parents living separately) or time spent in other homes has the potential to reduce the amount of time spent in other places, however this has to weighed against the time and labour this incurs on the research team. The data collection is more complex, the recruitment of participants harder, and the data processing and complexity of the data is overwhelming when conducting studies based on accelerometer and GPS data. Practical issues of data storage capacity and run times of two-three weeks to generate variables in the database for subsamples of 100 participants were a reality in this study, making the analyses time-consuming and labour-intensive.
This study focused on urban Danish children and as other studies have found differences in the urban/suburban/rural PA patterns (Fairclough et al., 2012; Rainham et al., 2012) , the results may not be generalizable to more rural children. The children were not randomly selected as they were selected as part of the WCMC study and all lived within one specific local neighborhood. As such, further studies are needed to confirm the generalizability of the results; in particular during weekends where lower protocol compliance was achieved. Data was collected during early fall and late spring, where daylight and overall weather conditions were quite similar, and the results are possibly not valid during the winter months as weather and season are known to affect behavior (Oreskovic et al., 2012) . It is recommended that the methodology in the future is used in a variety of settings, e.g. rural areas, and during various seasons and on different populations to fully understand its use in these settings. Due to sample size it was not possible to compare gender differences within children's and adolescents' groups.
Compared to other studies using combined accelerometer and GPS data (Collins et al., 2012; Cooper et al., 2010; Dessing et al., 2013; Oreskovic et al., 2012; Quigg et al., 2010; Rodriguez et al., 2012; Southward et al., 2012; Wheeler et al., 2010) , we chose to use a high inclusion criterion of at least one valid day of 9 h combined data. A 9 h criterion was chosen to retain enough data to be able to conduct a full day pattern analyses. With medium wear times above 11 h a day for the included participants we have accomplished this aim. A criterion of at least one valid day was chosen to retain a reasonable large sample of participants in the study. This might limit the reliability of this study as it has been recommended to collect data from two or more days to gather a reliable estimate of children's activity (Rich et al., 2013) .
Steps were taken to increase protocol compliance, for example by gaining teacher support, sending text messages reminders morning and evening, providing phone numbers to contact research staff in case of questions/faulty instruments, and an incentive for complying with the protocol. In future studies it is recommended to employ similar methods to increase compliance. Furthermore, it is recommended to ask participants who do not comply with the protocol to re-wear the equipment to obtain better compliance.
Conclusions
The new methodology developed in this study enables objective and precise assessment of PA behaviour for not only children and adolescents, but also a wide range of age groups in specific daily activity contexts. Differences in users of contexts and time spent in contexts between weekdays and weekend days were observed. Lower compliance and lower wear times were observed during weekends. Future studies will evaluate how the implemented changes in the studied neighbourhood influence contextspecific behaviours. Results from the WCMC evaluation will advance research on the effects of changes to the built environment on health related behaviours and will be useful in informing planning and health policy.
